Environmental stimuli mold the clay of the brain into meaningful epicellular networks, and this is understood to depend on shifting patterns of communication between neurons via chemical neurotransmitters. How the channels of communication between neurons change over time is an area of intense investigation, as these processes underlie brain functions ranging from classical operant conditioning to human cognition and the concept of ''self.'' In papers published in this issue of Cell, two teams (Pastuzyn et al., 2018; Ashley et al., 2018) show that a key gene involved in synaptic plasticity, Arc, is of ''non-self'' origin and that its protein product is capable of unconventional neurotransmission of genetic information in the form of mRNA. Arc has previously been implicated in autism and other neurodevelopmental disorders. Pastuzyn et al. (2018) conclude that, while the Arc genes of Drosophila and four-limbed animals arose independently, in each case, the gene is derived from a retrotransposon structural group-specific antigen gene, or Gag. Moreover, by extension from the known properties of well-studied retroviral Gag, they show that rodent Arc proteins form biochemically competent capsids and retain the ability to deliver a trans-cellular genetic payload (Figure 1 ). In a companion paper, Ashley et al. (2018) show that Drosophila Arc1 forms capsid-like structures within extracellular vesicles and can ferry RNA across larval neuromuscular junctions. Without this mRNA transfer from motorneuron to muscle end plate, the synapses weaken.
Human Arc was first suggested to have originated from a Ty3/gypsy mobile genetic element in a computational analysis published in 2006 (Campillos et al., 2006) . Ty3/gypsy family retrotransposons are one of four families (Ty1/copia, Bel/Pao, Ty3/gypsy, Retroviridae) of retroelements that are characterized by their flanking long terminal repeat sequences. While the more complex retroviruses encode Gag, Pol, and Env, as well as a variable number of accessory genes, Ty3/gypsy retrotransposons most often contain only Gag and Pol genes and are typified by the well-studied Ty3 retrotransposon of Saccharomyces cerevisiae and gypsy retroelement in Drosophila. Pastuzyn et al. (2018) show that the Arc gene found in tetrapods is most closely related to the Gag gene from gypsy elements present in fish. In contrast, Drosophila Arc is most closely related to the Gag of gypsy elements found in ants and silkworms. Before the work of Ashley et al. (2018) and Pastuzyn et al. (2018) , the relevance of the retrotransposon origins of Arc was not clear.
Arc now joins the growing stable of metazoan genes of viral origin with critical functions in the physiology of the organisms within which they have been endogenized (reviewed in Parrish and Tomonaga, 2016) . The best-studied examples have thus far been the syncytin proteins, which fuse the cells comprising the placenta. Across the Therian subclass, there have been at least ten independent retroviral integration events from which the envelope gene has been borrowed to function as a syncytin (Imakawa et al., 2015) . The cooption of Arc, apparently occurring in flies and in tetrapods independently from two separate lineages of retrotransposon, is another example of convergence, wherein different host lineages use genes from different retrotransposon lineages to accomplish similar functions. This is documented in the convergent cooption of cell-fusing proteins (Imakawa et al., 2015) , chromosome-end maintenance machinery (Casacuberta, 2017), pluripotency effectors (Schlesinger and Goff, 2015) , and now synaptic plasticity regulators.
These studies raise many important subjects for follow up. First will be to revisit the localization and trafficking of Arc mRNA and protein in mammalian synaptic systems. The clear unidirectionality in the Drosophila system tested raises the parsimonious hypothesis that the Arc mRNA detected in mammalian dendrites shortly after bouts of synaptic activity is presynaptically, not postsynaptically, derived. Additional work is needed to determine which RNAs Arc binds and transmits in vivo, how the Arc 3 0 untranslated region functions in tetrapod Arc, and how a non-enveloped capsid delivers mRNA to the cytoplasm. Defining the cells that express Arc outside the nervous system and the non-Arc genes that could encode similar functions (Irie et al., 2015) will likely be fruitful. Finally, not to eschew the transcendent for the practical, if there is a directionality to Arc traffic in mammals, it will make an excellent tool for tracing neuronal connectomes, a riff on the strong tradition of viral neuronal tracing. Future work in this area will likely further integrate neuroscience and (paleo)virology. Viruses rely on specific host cofactors for egress and entry, and existing knowledge about these factors may hold insights for understanding Arc. For example, viral capsids are often ubiquitinated (for HIV-1, this is required for interaction with the ESCRT exocytosis pathway), which may help explain how mutation of the ubiquitin ligase known to ubiquitinate Arc causes Angelman syndrome (Kishino et al., 1997) . Accordingly, genes considered viral restriction factors may dysregulate Arc, and we speculate that this may provide a mechanism for how neuroinflammation, especially that which induces interferon-stimulated genes, hampers synaptic plasticity.
Importantly, both groups show that Arc mRNA is available for translation after transmission across cells. One final compelling question is whether Arc mRNA (or other mRNA potentially packaged in Arc capsids) could go one step further in the mimicry of retroelement life cycle and act as a template for endogenous reverse transcriptase (RT). The 3 0 untranslated region, which appears important at least for Drosophila Arc protein-mRNA interaction, has been proposed to control RT binding of other retrotransposon RNAs (Grechishnikova and Poptsova, 2016) . In Drosophila, transcripts of another bona fide LTR retrotransposon, copia, are found in the same extracellular vesicle preparations that contain Arc (Ashley et al., 2018) . While there is no direct evidence for Arc mRNA interaction with RT, the multiple duplication events in the fly lineage as documented in Pastuzyn et al. (2018) , in addition to the apparent duplication of a portion of the Drosophila Arc gene within the last 40 years, suggest that mechanisms promoting the duplication of the Arc gene may exist. Whether these duplications represent retro-duplications or not is therefore a critical question. If they are, this could have important implications on neuronal somatic mosaicism and perhaps even revive interest in Darwin's concept of gemmules.
In conclusion, these papers reveal a new means of synaptic communication with genetic information transmitted through extracellular vesicles of retrotransposon origin, highlighting the astonishing contribution of retroelements to even the most complex physiological functions of multicellular organisms and raising new potential mechanisms for biological information consolidation.
Psychiatric genetic studies have drawn associations between human cognitive traits and noncoding genomic variants. However, the mechanistic effects of these variants are unclear. By weaving in strands of genomic data from developing human brains, de la Torre-Ubieta et al. tie disease-associated loci to functional enhancers, target genes, and putatively affected cell types.
Over the last few years, large-scale human psychiatric genetics studies have produced remarkable associations between cognitive traits and blocks of common, noncoding genomics variants.
However, determining when, where, and which of the variants in these blocks alter gene expression-let alone which genes are impacted-have been major roadblocks to mechanistically understanding the reported associations. In this issue of Cell, de la Torre-Ubieta et al. (2018) demonstrate that by weaving together various data sources from developing human brain, trait-and disease-associated
